Biogenic Silica (BSi) has been one of the most important proxies for determining the palaeoclimate from Lake Baikal over glacial-interglacial cycles. Concentrations (calculated through a 1% Na2CO3 wet-alkaline digestion) at a site in the north basin, however, reveal consistently low values during MIS 3 compared to greater than tenfold changes in diatom concentrations and biovolumes from c. 53.3-51.5 kyr BP. With similar glacial trends present at other low sedimentation sites, we suggest that significant amounts of BSi are removed from diatoms during glacials due to a relative increase in diatom dissolution at the sediment-water interface. This contrasts with existing results from other, higher sedimentation, sites such as those within the Selenga Delta which display a strong relationship between diatoms and BSi. Site selection is therefore essential when searching for Heinrich and other glacial millennial-scale events in Lake Baikal, and we recommend that both BSi and diatom concentrations be calculated together in future studies.
1979, 1981).
Slides for diatom analysis were prepared following methods outlined in Swann et al. (2005) . A minimum of 100 diatom valves (or six transects) were counted per slide with diatoms being further assigned into three dissolution stages to create a Diatom Dissolution Index (DDI) (Flower and Likhoshway 1993) .
Although 300 valves is generally regarded as the optimum number needed for quantitative interpretations, the scarcity of preserved diatoms within the sedimentary record prevented this in all but a few samples. Similar problems have previously been experienced during periods of low production in Lake Baikal (e.g., Edlund and Stoermer 2000) . Comparing diatom concentrations to BSi measurements can be problematic since diatom concentrations fail to consider variations in the size and mass of different taxa (Conley, 1988) .
Within Lake Baikal, the range of diatom taxa sizes are considerable. For example, the two common MIS 3 taxa of Cyclotella sp. cf. gracilis (Nikiteeva and Likhoshway) and Cyclotella baicalensis (Meyer) Skv. have approximate cell biovolumes of 340 μm 3 (calculated here) and 81500 μm 3 (Morley 2005) respectively.
Diatom biovolumes, providing a more accurate indicator of expected changes in diatom BSi assuming diatom dissolution is minimal, were therefore calculated for the dominant planktonic and other large taxa using existing measurements from the Kazantsevo interglacial (approximately corresponding to MIS 5e) and the late glacial/Holocene sequences in Lake Baikal (Morley 2005; Rioual and Mackay 2005) . Where required, biovolumes for other taxa were calculated following Hillebrand et al. (1999) and Rioual and Mackay (2005) .
Results
Low BSi concentrations were observed in all samples from Continent Ridge following correction for non-BSi (range: 0.0-2.2 wt.% as SiO2) with fluctuations of c. 1.0-1.5 wt.% as SiO2 throughout the MIS 3/2 interval (Fig. 2) . Sample reproducibility is 0.41 wt.% as SiO2. Similar to the BSi record, diatom concentrations are also low throughout the sequence (c. < 1 x 10 7 valves/g dry wt) except from c. 53.3-51.5 kyr BP when concentrations increase from 0.056 x 10 7 valves/g dry wt. to 3.026 x 10 7 valves/g dry wt. (Fig. 2), reflecting a warm interval terminated by Heinrich event 5 (Swann et al. 2005) . Diatom biovolumes exhibit similar trends to those in the diatom concentration record with values from c. 53.3-51.5 kyr BP also significantly higher at c. 11,000 μm 3 /g dry wt. (Fig. 2) . The DDI, however, indicates that over 99% of all valves preserved in the sediment are affected by dissolution (see Fig. 2 
and images in Figs 3).

Discussion
A notable feature of the Continent Ridge record is the lack of an increase in BSi from c. 0.9-1.5 wt.% as SiO2 during the interval from c. 53.3-51.5 kyr BP when diatom concentrations increase to 3.026 x 10 cooling and expansion of ice-cover/thickness, linked to the occurrence of Heinrich event 5 (see Swann et al. 2005) . In contrasts, the BSi record does not display or indicate the presence of any of these these millennial-scale changes.
Re-analysis of the BSi and diatom profiles at the Academician Ridge reveals similar trends during MIS 3 (Williams et al. 1997; Khursevich et al. 2001 ) (see Fig. 4a ). For example, notable increases in diatom concentrations approximately halfway through MIS 3 do not result in a corresponding rise in BSi (see Fig.   4a : arrow 1). Unlike Continent Ridge, a detailed chronology does not exist for the MIS 3 record at the Academician Ridge, preventing inter-site comparisons. However, this further evidence that BSi appears unable, in some instances, to detect the glacial millennial-scale events indicated by visual diatom analysis confirms that the results from Continent Ridge are not restricted to one site. That this situation exists is surprising given that BSi measurements have been fundamental in determining palaeoclimatic changes in Lake Baikal over glacial-interglacial cycles (Colman et al. 1995 (Colman et al. , 1999 Williams et al. 1997) . Furthermore, laboratory experiments and interglacial sections of Lake Baikal cores have previously demonstrated a close relationship between BSi and diatom populations (Williams et al. 1997; Khursevich et al. 2001; Ryves et al. 2001; Karabanov et al. 2004 ). However, with almost all BSi originating from diatoms, these results from two different sites, each analysed by different groups working on Lake Baikal suggests a clear problem in applying BSi measurements to glacial aged sediments. It therefore becomes necessary to suggest possible mechanisms which may be operating to cause these features.
Important to the discussion is the record from the Buguldeika Saddle, a site in the south basin dominated by input from the Selenga River (Fig. 1 ). Unlike records from the Academician and Continent Ridge, a strong relationship between BSi and diatom concentrations exists at the Buguldeika Saddle during the last glacial ( Fig. 4b) (Colman et al. 1999; Edlund and Stoermer 2000) . Of particular relevance is the c. The Academician Ridge, Continent Ridge and Buguldeika Saddle are all situated at similar water depths, 321-375 m, suggesting that sinking times to the sediment-water interface at all the sites are approximately constant. Sedimentation rates, though, are markedly higher during MIS 3 at the Buguldeika Saddle (12.5 cm/kyr) compared to the Academician (c. 4.0 cm/kyr) and Continent Ridge (5.7 cm/kyr) (Prokopenko et al. 2001a,b,c; Swann et al. 2005) . Differences in sedimentation can not alone explain the differences in the BSi/diatom records during MIS 3 since sedimentation rates are relatively constant at individual sites over glacial-interglacial cycles and strong BSi/diatom relationships occur through Lake Baikal during interglacials (Williams et al. 1997; Colman et al 1999; Edlund and Stoermer 2000; Khursevich et al. 2001) . Another possibility is that the dominant taxa at the Academician and Continent Ridge during the periods of high diatom production in MIS 3 are only weakly silicified. This would act to significantly reduce the amount of BSi within individual diatom frustules. At Continent Ridge samples from c. 53.3-51.5 kyr BP are dominated by C. sp. c.f. gracilis (63% abundance), an extinct endemic species about whose ecology little is known. However, the simultaneous rise in diatom and BSi concentrations at the Buguldeika Saddle where a good BSi/diatom relationship exists (Fig. 4b, arrow 2) is almost entirely related to increases in C. gracilis with no other notable changes in individual diatom taxa concentrations (Edlund and Stoermer 2000).
Consequently, we can be confident that C. gracilis is not weakly silicified. Similarly, the MIS 3 diatom sequence at the Academician Ridge are dominated by Aulacoseira baicalensis (Meyer) Simonsen and C. baicalensis, both of which are also known not to be weakly silicified (Battarbee et al. 2005) .
A more likely explanation for the disconcordant BSi/diatom trends during MIS 3 may lies in the high degree of diatom dissolution in Lake Baikal. Dissolution is a predominant feature in Lake Baikal with only c.
1% of all living diatoms incorporated into the sedimentary record (Ryves et al. 2003) . In interglacials, diatom dissolution is moderate. For example, over the last 1000 years c. 40-60% of sedimentary valves in Lake Baikal are affected by some form of dissolution (Mackay et al. 1998 ) while at Continent Ridge c. 60-90% of valves are affected by dissolution in the Kazantsevo interglacial (DDI = 0.1-0.4) which approximates to MIS 5e (Rioual and Mackay 2005) . Conversely the MIS 3/2 Continent Ridge DDI record, which to date is the only quantitative dissolution record available for glacial sediment within the lake, suggests that dissolution is significantly higher with c. 99% of frustules subjected to some form of dissolution (DDI = 0-0.1) and over 90% of all valves "heavily dissolved" (see Fig. 2 , 3, and Swann et al. 2005 ).
Diatom dissolution today predominantly occurs at the sediment-water interface (Ryves et al. 2003) .
It is therefore likely that during glacials, dissolution also mainly occurred here. It also follows that at slower sedimentation sites the potential for diatom dissolution and/or grazing by benthic organisms is greater due to the increased duration spent by diatoms at the interface before burial. We argue that during glacials the increased duration spent by diatoms at the sediment-water interface became a critical factor at slow sedimentation sites such as Continent Ridge and Academician Ridge due to a relative increase in diatom dissolution which would have increased the removal of BSi from diatoms and the sedimentary record. This would have acted to prevent BSi measurements from accurately detecting real changes in sedimentary diatom concentrations, and explain why the BSi record is muted at both Continent Ridge, from c. 53.3-51.5 kyr BP (Fig. 2) , and at the Academician Ridge (Fig. 4a: arrow 1) . In contrast, the higher sedimentation rates at the Buguldeika Saddle during MIS 3 suggests that burial rates were sufficiently high there during the last glacial to prevent excessive diatom dissolution/BSi removal at the sediment-water interface resulting in a strong BSi/diatom relationship (Fig 4b) .
Several mechanisms might lead to a higher relative diatom dissolution at slower accumulating sites such as Continent Ridge during glacials. Temperature is unlikely to play a major role as glacial bottom water temperatures are unlikely to alter significantly from interglacial levels. Instead we emphasise the role of biological processes on diatom dissolution. Recent work has highlighted the role of bacterial action in aiding dissolution by removing the protective layer of organic coating surrounding diatom frustules preparing the valve for chemical dissolution (Bidle and Azam 1999; Bidle et al. 2002; . Within Lake Baikal, microbial activity has also been observed (Kuznetsov 1951; Kozhova and Kazantseva 1961) , including the presence of saprophytic bacteria in the deepest waters (Straškrábová et al. 2005) . Similarly other grazers, including zooplankton, also selectively remove diatom organic coatings leading to higher diatom dissolution (e.g., Cowie and Hedges 1996). The fully oxygenated water column of Lake Baikal permits many benthic faunal communities such as amphipods to survive at the sediment-water interface feeding on organic matter.
Studies have also shown that modern faunal communities in Lake Baikal have prevailed through at least the Quaternary (Sherbakov 1999) . Therefore, although populations may have been lower during glacial periods, rates of biological attack may have continued but perhaps at a higher relative intensity due to the lower numbers of diatoms in the water column. We suggest that during glacials, diatoms reaching the sediment-water interface are more intensively acted upon by biological communities, relative to interglacials, leading to the highly dissolved diatom frustules which characterise glacial sequences, such as at Continent Ridge. In agreement with Carter and Colman (1994) , "diatom barren" glacial sequences in Lake Baikal may reflect lower production, combined with sustained and more intensive diatom dissolution, rather than an extinction or retreat of diatoms to shallow-water refugia as suggested by Karabanov et al. (2004) .
Conclusion
BSi has been a fundamental proxy in eluding Lake Baikal's palaeoenvironment history over glacial-interglacial cycles. Results and re-analysis of existing data, though, indicates no relationship between BSi and diatom concentrations over glacial millennial-scale events at two slow sedimentation sites. We suggest this is most likely due to a relative increase in diatom dissolution at slower sedimentation sites during glacials, removing diatom BSi from the sedimentary record. This contrasts with results from the Buguldeika Saddle where sedimentation rates are significantly higher, suggesting that site selection and characteristics are important factors in determining whether BSi measurements will display glacial millennial-scale events. Despite the increased analytical time involved, such changes in Lake Baikal may instead be best identified using high magnification diatom concentration or biovolume light microscopy rather than BSi measurements. This is important given the need for further work in Lake Baikal to address glacial palaeoclimatic conditions and the teleconnections which appear to have prevailed between Europe and central Asia during these periods (see Prokopenko et al. 2001a,b; Swann et al. 2005) . 2 Figure 4 
